Fetuses were decapitated in one uterine horn in each of 14 sows at 45 d of gestation. Control (C) and decapitated (D) fetuses were removed by Caesarean section from three sows at 65 d of gestation (total of 10 D and 10 C fetuses), two sows at 85 d (six D and six C fetuses) and nine sows at 110 d (nine C and nine D fetuses) of gestation (Exp. 1). In Exp. 2, four to six fetuses were removed from each of two Ossabaw (O) gilts and three crossbred (C, Landrace • Yorkshire) gilts at 70 d of gestation, from three C and O gilts at 90 d of gestation and from three C and two O gilts at 110 d of gestation. In Exp. 1, one semitendinosis muscle was removed for histochemistry, whereas the contralateral muscle was removed and weighed. A medial portion of biceps femoris muscle was removed and used for histochemistry in Exp. 2. In both experiments, transverse sections (cryostat) of muscle were stained for lipid, glycogen (PAS) and the following enzymesi acid ATPase, NADH-TR, NADPH-TR, malate dehydrogenase (NAD-and NADP-dependent reactions; MDH), succinate dehydrogenase (SDH), a-glycerol phosphate dehydrogenase (with and without NAD; a-GPDH), isocitrate dehydrogenase (NAD dependent; ICDH), esterase, lipoprotein lipase and lipase. In Exp. 1, body and muscle weights of the two groups were not significantly different (P>. 
Introduction
The biochemical and histochemical development of the semitendinosis muscle is impaired in the decapitated pig fetus (Hausman et al., 1982) . Fetuses were decapitated at 45 d of gestation and muscle samples analyzed at 110 d of gestation (Hausman et al., 1982) . Histochemistry for ATPase, lipid and NADH-tetrazoleum reductase (TR) indicated an apparent delay in fiber type differentiation in decapitated 1562 JOURNAL OF ANIMAL SCIENCE, Vol. 60, No. 6, 1985 fetuses. Decapitation lowers the plasma levels of some hormones (growth hormone, T3, T4 and glucocorticoids), but significantly elevates insulin and glucagon levels (Martin et al., 1984) . Recently, we have demonstrated that cauterization of the spinal cord (C3~C4) at 45 d of gestation had no affect on muscle histochemistry and biochemistry when studied at 110 d gestation (G. J. Hausman, unpublished observations) . Therefore, the deficiency of thyroid hormones, adrenal hormones and growth hormone is probably associated with the impaired histochemical differentiation of muscle in decapitated fetuses. Hormonal sensitivity of muscle histochemistry could be estimated in an ontogeny study of decapitated fetuses. Therefore, in the present study, we have analyzed muscle development from decapitated fetuses at two ages before 110 d of gestation.
The feral Ossabaw pig grows slowly and becomes very obese (Martin et al., 1973) . Several studies of older Ossabaw pigs indicated inferior muscle development when contrasted to Yorkshire pigs (Ezekewe and Martin, 1975; Buhlinger et al., 1978) . In a comparison of young (<8 wk of age) Yorkshire and Ossabaw pigs, Ossabaw pigs were characterized by a decreased capacity for growth of the fat-free mass rather than by an increased capacity for total body fat deposition (Cote and Wangsness, 1978) . In a study of ll0-d-old fetuses, esterase, ATPase and NADH-TR muscle histochemistry was similar for Ossabaw and several strains of domestic fetuses (Hausman et al., 1983) . However, there were fewer lipid-stained fibers in Ossabaw muscle than in crossbred and Yorkshire muscles (Hausman et al., 1983) . These observations suggest that a study of muscle development in Ossabaw fetuses may provide insight into the etiology of obesity in pigs.
An ontogeny study of muscle in Ossabaw fetuses is warranted because muscle development is impaired (biochemical composition)by the 90th d of gestation in Ossabaw fetuses (Hoffman et al., 1983) . In the present study a variety of enzyme histochemical tests were utilized to determine the genetic and endocrine influence on the metabolic differentiation of fetal muscle.
Materials and Methods
Exp. 1. Details of the decapitation procedure are given elsewhere . At 45 d of pregnancy, all the fetuses in one uterine horn of 14 crossbred gilts were decapitated (D); fetuses in the other uterine horn served as controls (C). Three sows were laparotomized on d 65 of gestation, two sows were laparotomized on d 85 of gestation and nine sows were laparotomized on d 110 of gestation. Three D and three weight-matched C fetuses were removed from each of three sows laparotomized at d 65. Four D and four weight-matched C fetuses were removed from one sow, whereas two D and two weight-matched C fetuses were removed from a second sow laparotomized at d 85. One D and one weight-matched C fetus were removed from each of the nine sows laparotomized at d 110. Control fetuses were weighed after removal of the head at the first cerivcal vertebrae. Semitendinosis muscles were excised, tied at resting length and covered with talcum powder before freezing in liquid N2. The contralateral semitendinosis muscle was removed in toto, dissected and freed of connective tissue and weighed.
Exp. 2. Fetuses were removed at laparotomy from a total of seven Ossabaw (O) sows and nine crossbred (Landrace x Yorkshire; C) gilts as follows: two O and three C animals at 70 d of gestation, two O sows and three C gilts (at 90 d) and two O sows and three C gilts at 110 d of gestation. Four to six fetuses were used for muscle sampling. All fetuses were removed and weighed but only the middle portion of the biceps femoris muscle (isolated by cutting in direction of muscle fiber) was tied at resting length, removed, covered with talcum powder and frozen in liquid N2. The width of this sample ranged between 5 and 10 mm.
Muscle Histocbemistry. Air dried, transverse cryostat sections (10 to 24 /~m) of entire muscles (Exp. 1) or portions of muscle (Exp. 2) were reacted for the following enzymes and or metabolites: acid preincubated ATPase (Guth and Samaha, 1970) , NADH and NADPH-TR (Hausman and Thomas, 1984a) , esterase (Barka and Anderson, 1963) , lipoprotein lipase (LPL) and lipase (Moskowitz and Moskowitz, 1965) , succinate dehydrogenase (SDH; Chayen et al., 1973) , a-glycerol phosphate dehydrogenase [a-GPDH; with and without NAD "-nd with and without phenazine methosulphate (PMS); Chayen et al., 1973] , glucose-6-phospi~,ate dehydrogenase without PMS (G6PDH; Rieder et al., 1978) , malate dehydrogenase (NADP dependent) without PMS (MDH; Rieder et at., 1978) , periodic acid schiff (PAS) for glycogen (Humason, 1972) and oil red 0 for lipid (Hausman, 1981) . The NAD-dependent MDH and isocitrate dehydrogenase (ICDH) procedures were devised by modifying the NADP-dependent procedures for MDH and ICDH (Rieder et al., 1978) as follows: NAD replaced NADP at the same concentration and PMS and polyvinyl alcohol (PVA) were eliminated and replaced by an equal amount of buffer. The PVA is used to stabilize cytoplasmic enzymes during histochemical incubation. We were only concerned with mitochondrial reactions of MDH and ICDH and, therefore, we eliminated PVA from the medias. When glucose-6-phosphate was substituted for MDH or ICDH there was no reaction product evident.
Some of the enzyme-histochemical techniques employed in the present study have not been utilized in muscle studies. Therefore, some explanation is warranted regarding the significance and interpretation of several techniques. For instance, the NAD-dependent, dehydrogenase reactions indicate the presence and capacity of enzymes to oxidize NADH to NAD (NADH-TR). When PMS is left out of the incubating media (as we did), reaction color is only produced when the cell oxidizes the NADH that is produced by the dehydrogenase (MDH, ICDH; Chayen et al., 1973) . With PMS in the media, the presence of NADH-TR activity is not necessary to produce reaction color because PMS chemically transfers the hydrogen from NADH to nitro blue tetrazoleum (Chayen et al., 1973) . The reaction for MDH-NAD in fetal muscle is probably indicative of MDH enzyme because there is ample NADH-TR activity in fetal muscle. These NADdependent dehydrogenases (MDH; ICDH) are mitochondrial enzymes but are not actually part of the mitochondrial membrane as is SDH, which is more commonly used in muscle studies.
The NADP-dependent dehydrogenases (MDH, G6PDH) represent markers for cytosolic differentiation because these enzymes are only present in the cytoplasm. Therefore, by altering the type of cofactor (NAD, NADP) we had a convenient system to study cytosolic and mitochondrial differentiation with the same enzyme substrate (malate for MDH).
When PMS is eliminated from NADPdependent MDH and G6PDH medias, reaction color is only produced when the cell oxidizes the NADPH (NADPH-TR) that is produced by the dehydrogenase. With PMS in the medias, the presence of NADPH-TR is not necessary to produce reaction color, because PMS chemically transfers the hydrogen from NADPH to nitro blue tetrazoleum. Therefore, it was necessary to assay for NADPH-TR activity because we used NADP-dependent dehydrogenase medias with and without PMS.
Control sections for the dehydrogenases were incubated in complete medias without substrates; no reaction product was evident. If NAD or NADP were substituted for NADH or NADPH as substrates in the tetrazoleum reductase reactions, there was no reaction product evident. When counterstaining was done, Harris Hematoxylin (HH) was used. With most enzyme histochemical tests, sections were either fixed before or .'after incubation with cold (4 C) Baker's formalin (Humason, 1972) .
Results

Exp. 1. Body and muscle weights for D and
C fetuses were similar (table 1) at 65 d of gestation, whereas D fetuses were smaller and had lighter weight muscles at 85 d of gestation (table 1) . Muscles from C and D fetuses at 65 and 85 d of gestation were morphologically similar and showed the typical proliferation of secondary fibers around primary fibers between 65 and 85 d, which is in agreement with data from an ontogeny study of normal fetuses (Beermann et al., 1978) . Muscles from D fetuses at 110 d of gestation were morphologically abnormal as demonstrated in a previous study (Hausman et al., 1982;  i.e., a large range in secondary fiber diameter and much space between groups of fibers).
Histocbemistry, Acid A TPase. Tke distribution of reactive fibers was similar for D and C fetuses at 65 and 85 d of gestation. Primary fibers (deep aspects of the muscle) were the only reactive fibers at these two ages. An incomplete histochemical conversion of secondary fibers (in the deep portion) was observed in D fetuses at 110 d of gestation as reported in a previous study (Hausman et al., 1982) . The distribution and extent of positive secondary fibers around primary fibers (deep portion) in C fetuses at 110 d was similar to data in other studies (Beermann et al., 1978; Hausman et al., 1982) . similarly in primary and secondary fibers, whereas primary fibers contained the most lipid in the other fetuses (figure la). In general, less lipid was evident in fibers from D fetuses at 110 d of gestation than in those from C fetuses (figure lb,c). In D fetuses (110 d), centrally located fibers (only in the deep aspects) consistently contained more lipid than surrounding fibers (figure lc). Lipid was always equally distributed in muscles from C fetuses (110 d; figure lb). Similar results for lipid deposition in muscles from D and C (110 d fetuses) were reported previously (Hausman et al., 1982) . NAD-Dependent ICDH. Only samples from 110-d-old fetuses were analyzed for this enzyme. In C muscles, staining (ICDH) was equivalent to MDH (NAD). Overall staining for ICDH in D muscles was less than that for MDH and the number of positive, primary fibers (deep aspects) was considerably reduced when contrasted to MDH positive primary fibers.
'NADPH-TR. In all instances, staining intensity was considerably less than staining for NADH-TR. Staining was similar (NADPH-TR) for C and D fetuses at 65 and 85 d of gestation. At 85 d, the deep and superficial aspects of the muscle could be distinguished based on cellular staining. In D muscles at 110 d, some primary fibers and no secondary fibers in the deep aspects were reactive (figure 3a). In the deep aspects of C muscle at 110 d, some secondary fibers and all primary fibers were reactive and deep and superficial aspects were easily distinguished (figure 3b).
NADP-Dependent MDH.
There was little staining in muscles from C and D fetuses at 65 d. The deep aspect of the muscle (C and D fetuses) was reactive and the superficial aspect negative at 85 d of gestation. In C muscles at 110 d, the superficial aspect was MDH reactive but the deep aspect was more reactive. Deep and superficial aspects were lightly stained in D muscles at 110 d.
NADP-Dependent G6PDH.
There was no cellular staining in muscles from all groups and ages.
LPL and Lipase. This analysis was only
conducted on muscles from C fetuses. At all ages, both enzyme activities were restricted to small, peripheral areas of the fibers. There was little LPL staining at 65 d, but deep and superficial aspects of muscle reacted differently for LPL and lipase at 85 and 110 d of gestation (more activity in deep vs superficial aspects). There were many more lipase-stained fibers than LPL positive fibers in all muscles, regardless of fetal age.
NAD-Dependent a-GPDH. Muscle fibers
were lightly stained and staining was independent of fetal age and experimental group. Distinction between deep and superficial aspects of muscle was never obvious in a-GPDHstained sections.
a-GPDH (No Cofactor). When PMS was
eliminated from this media, there was no staining (all ages, both groups). With PMS in the media, there was no reaction in muscles from C and D fetuses at 65 and 85 d (figure 4a). However, all cells were reactive (with PMS) in the superficial aspect in C muscle at 110 d whereas fasciculi in the deep aspect contained positive and peripherally located fibers surrounding negative fibers (figure 4b). In other words, a typical fiber-type pattern was evident Esterase. This reaction was used to assess m o t o r endplate morphology and distribution, which was similar in D and C fetuses at all three ages.
Exp. 2. Body weight for O and C fetuses are
shown in table 2. Muscles from C and O fetuses at all three ages were morphologically similar; secondary myofibers proliferated around primary fibers between 70 and 90 d which is in agreement with data on other muscles (Beermann et al., 1978) .
Histocbemistry, Acid A TPase. There were no differences between C and O fetuses at all three ages. A large portion of the muscle (deep aspect) from 110-d fetuses contained positive primary fibers (no secondary fibers were stained), whereas a narrow strip of the superficial aspect was completely devoid of positive fibers. Using acid ATPase staining as the criteria, most of the biceps femoris can be considered " r e d " with a narrow and superficial " w h i t e " portion. Unlike the semitendinosis muscle, there was no acid ATPase conversion of secondary fibers (by 110 d) in the biceps femoris. 
NAD-Dependent MDH, ICDH and a-GPDH; NADP-Dependent MDH and G6PDH; NADH-TR, NADPH-TR, Esterase and PAS.
No differences were observed b e t w e e n O and C fetuses at all three ages. The o n t o g e n y of these e n z y m e s and glycogen staining was identical to t h a t for C fetuses in Exp. 1.
a-GPDH (No Cofactor). As observed in Exp.
1, w i t h o u t PMS in the media there was no staining at all ages. With PMS, there was no reaction in muscles f r o m C and O fetuses at 70 and 90 d of gestation. However, all fibers in the superficial aspect (C and O) of muscles at 110 d were lightly stained. In t h e deeper aspects of the muscle, a characteristic fiber-type p a t t e r n was m o r e obvious (positive fibers a r o u n d negative areas) in O muscles t h a n in C muscles ( figure 5a,b) . Lipid Staining. There were no differences observed b e t w e e n O a n d C fetuses at all three ages. T h e o n t o g e n y of lipid deposition was similar to t h a t observed for C fetuses in Exp. 1. A t 110 d of gestation, there were several (three to five) lipid droplets in all fibers in sections f r o m O a n d C fetuses. Figure 5 . Distribution of a-GPDH (no cofactor) activity in biceps femoris muscles from ll0-d-old Ossabaw (a) and crossbred fetuses (b). Enzyme activity is distributed equally in the superficial aspects of the biceps femoris, but a typical fiber-type pattern is evident in the deep aspects (a,b). Note that a typical fiber-type pattern is most prominent in the Ossabaw muscle. Indicated are negative fibers (arrows). Cryostat (24/~m) sections, X 350.
SDH.
No differences were observed between C and O fetuses at any age. The ontogeny of this enzyme was similar to the ontogeny of NADH-TR staining. Reaction product was equally distributed across all fibers in muscles at all three ages.
LPL and Lipase. Sections from O and C fetuses reacted similarly for both enzymes at all three ages. The ontogeny of lipase staining was similar to that observed for C muscles in Exp. 1. In contrast to Exp. 1, there was little LPL staining at 70 and 90 d in the biceps femoris. The LPL staining did distinguish deep (more staining) from superficial aspects of biceps femoris at 110 d of gestation. As in Exp. 1, activities of both enzymes were only demonstrable in small, peripheral sections of fibers.
Discussion
These results indicate that decapitation of the fetal pig (at 45 d of gestation) has no affect on muscle development until after 85 d of gestation. By staining for lipid, acid ATPase, glycogen and utilizing cytoehemical markers for glycolytic capability (a-GPDH, no cofactor; Peter et al., 1972) Analysis of adipose tissue from fetuses in this study has shown a reduction in fat cell culster number in D fetuses by 85 d of gestation (Hausman and Thomas, 1984b) . The results of this study (Hausman and Thomas, 1984b) , and the present study indicate that sensitivity to an altered endocrine profile develops earlier in fetal adipose tissue than in fetal muscle tissue. The key to the earlier sensitivity exhibited by adipose tissue may be the earlier development of a vascular system in adipose tissue (Hausman, 1978) . In fact, we have demonstrated the development of a vascular system in muscle after 85 d of gestation and a deficiency of blood vessels in muscle from D fetuses (G. J.
Hausman, unpublished observations). Because blood vessels govern the exposure of tissues to hormones and metabolites, this ontogenetic relationship between hormone sensitivity and blood vessel development seems logical.
In a previous study, the flux of radio-labelled metabolites was used to assess the metabolism of the biceps femoris muscle in D fetuses at 110 d of gestation (MacLarty et al., 1984) . Glycolytic flux was depressed in D muscle in comparison with C muscle, which is in agreement with our results (decrease in r a glycoIytic indicator, in D muscle). In contrast to the present study, aerobic metabolism was not affected by decapitation in biceps femoris (MacLarty et al., 1984) . Histochemical data from the present study may serve to resolve partially this contradiction. The biceps femoris contains a very narrow portion (superficial) of "white" or anerobic muscle. More than one-half of a given cross section of semitendinosis muscle is "white" or anerobic in comparison. In the present study, the sharpest contrast between D and C muscle (110 d) in terms of MDH-NAD, lipid and NADPH-TR reactions was in the "white" portion of the semitendinosis. Because the oxidative capacity of "white" muscle is most affected by decapitation, the affect of decapitation (on oxidative capacity) might be minimized in a muscle like the biceps femoris (little "white" muscle).
In the present study, we failed to discover major discrepancies between O muscle and C muscle during fetal development, despite the use of a wide range of histochemical tests. In fact, lipid histochemistry was similar in O and C muscle sections, which disagrees with results of a previous study (Hausman et aI., 1983) . In the earlier study, the discrepancies between O and C were only observed within the "white" (superficial section) portion of the semitendinosis (Hausman et al., 1983) . The biceps femoris contains a very small portion of "white" muscle and therefore discrepancies (lipid staining) between O and C biceps femoris muscles could be minimized. The data in the present study did, however, indicate a greater glycolytic (a-GPDH staining) capability in O muscle at 110 d of gestation. This could allow O pigs to utilize better muscle glycogen stores during the early postnatal period. This stiuation is probably associated with the enhanced mobility displayed by O pigs that would be essential to survival in the wild.
The data in the present study represent the first time that primary fibers could be differ-entiated from secondary fibers in fetal muscle utilizing an oxidative indicator (MDH-NAD, a mitochondrial enzyme). In our studies, SDH and NADH-TR activities were not capable of discriminating primary from secondary fibers. The NADH-TR reaction is not due to a specific enzyme and therefore may not be as sensitive as the MDH-NAD reaction. The enzyme SDH actually forms part of the mitochondriaI membrane and therefore, is truly a mitochondrial marker. Cells could have similar numbers of mitochondria (SDH activity) but different levels of other mitochondrial enzymes (i.e., MDH).
In unpublished studies of muscles from older pigs, the NADPH-TR reaction gives a fiber-type pattern identical to NADH-TR (G. J. Hausman, unpublished observations). Our results (present study) indicate that the NADPH-TR and NADH-TR reactions differentiate along dissimilar temporal and spatial sequences in fetal muscle. Because NADP-linked enzymes are located in the cytoplasm, the NADPH-TR reaction may indicate that cytoplasmic enzymes develop later than mitochondrial enzymes in fetal muscle. Our data on MDH-NADP activity support this concept, because MDH-NADP represents a specific enzyme that developed in a temporal and spatial sequence similar to NADPH-TR activity.
In a previous study, proliferation of secondary fibers around primary fibers was evident before 90 d of gestation in fetal muscle (Beermann et al., 1978) . After 90 d, an acid ATPase histochemical conversion of some secondary fibers (negative to positive) was evident (Beermann et al., 1978) . We observed a similar ATPase conversion of secondary fibers between 85 and 110 d of gestation (present study) in the semitendinosis muscle. Our results demonstrate that during the last 25 to 30 d of fetal muscle development there is also differentiation of cytoplasmic enzymes (MDH-NADP, NADPH-TR, a-GPDH) and mitochondrial enzymes (MDH-NAD) in secondary fibers. Furthermore, these enzyme conversions are not altered by genetic obesity (Ossabaws) but are retarded by fetal decapitation.
